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Abstract 
The lifetime of a micro proton exchange membrane fuel cell is hugely dependent on the durability and longevity of the 
membrane used in the cell. An ideal membrane is expected to have its membrane impedance constant and distributed 
uniformly throughout. But in practice, the case is quite different. Such non uniformities in the membrane impedance will 
generate local hotspots in the membrane which has fatal effects such as it reduces the life time of the fuel cell. So it is 
imperative that we have to analyse the effects of hotspots in the fuel cell. This paper study proposes a novel equivalent circuit 
to analyse the impedance variations in the fuel cell membrane. The study on the effect of local hotspots in the fuel cell will 
lead a further research to create the rectifying methodologies for this problem. 
© 2015 The Authors.Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of RAEREST 2016. 
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1. INTRODUCTION 
 
Fuel cells are the most interesting power source because it solves not only the environmental problem but also 
natural resource exhaustion problem. Usually used power sources are the batteries which is so inefficient so that it 
cannot be recharged. The main replacement for disposable batteries is the rechargeable batteries. The major 
disadvantages of batteries are their limited energy capacity and slow recharging. There we need another power 
source to provide energy to a system. Solar power is also used to recharge these batteries using a photo voltaic 
cell deployed along with this device. Micro or mini fuel cells can also be used as power source. Mini fuel cells are 
developed most often on the Hydrogen – Oxygen Proton Exchange Membrane Fuel Cell (PEMFC) and liquid fuel 
cells. They possess higher values of specific energy per unit volume and per unit mass compared to batteries. The 
basic advantages of PEMFCs are that they can operate at low temperature; they have quick start up and are quick 
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to respond to load changes. Fuel can be fed to the cell using hydrogen storage equipment or fuels having high 
energy density such as ethanol or methanol can be used to feed the cell. Even though the fuel cells can supply 
unrestricted power without any environmental issues, the life time of fuel cells are not long because of the 
hotspots generation. The hotspots are the regions where the impedances are different with respect to some 
regions. 
 
2. LOCAL HOTSPOT GENERATION AND ITS EFFECTS  
 
The issue of local hotspot generation arises from the fact that the membrane impedance of fuel cell won’t remain 
constant throughout. Ideally, a fuel cell is expected to have uniformly distributed membrane impedance (Fig. 1) in 
which case there would be uniform current flow through all the channels. If there should occur any imbalance in 
the membrane impedance, there will be non-uniformity in the ionic currents (Fig. 2). The imbalance caused so 
will result in cross channel currents i.e. a part of the ionic current that should otherwise be flowing through a 
particular channel (with comparatively higher resistance) will now flow to other channels (with comparatively 
lower resistance). Obviously, the channels having lower resistance will experience more current flowing through 
it due to the contribution of cross channel currents. This will increase the temperature around them which will 
increase the resistance further. This is a cumulative process and with time it can lead to destruction of the cell. 
Apart from that, the newly caused gradient of resistance will create voltage drop across channel and this will 
result in power drop and hence reduction in performance. We always prefer an energy source which will supply a 
constant and uninterrupted energy to a system. Fuel cells are the best options because it provides supply without 
creating any environmental issues. It means they are eco-friendly. And it is very important to analyse the hotspots 
in the fuel cell. We have already an equivalent circuit for the analysis of normal fuel cell (Figure A). In order to 
analyse the multiple hotspot formation this equivalent circuit is not enough. Therefore we are introducing an 
equivalent circuit to analyse the local hotspot formation (figure 3). 
 
 
 
 
 
 
 
Fig 1: channel currents when membrane impedances are constant (ideal case) 
              Fig 2: cross channel currents when membrane impedances are nonuniform 
 
 
 
Fig 1 Fig 2 
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Fig A: Equivalent circuit of normal fuel cell 
 
 
 
3. EQUIVALENT CIRCUIT AND ITS EXPLANATION 
The feasibility of the proposed approach was verified using computer simulations. An equivalent circuit (Fig.3) of 
the membrane electrode assembly of the fuel cell was created in SPICE simulator. The currents I1 , I2 , I3 and I4 
represents the normal ionic currents, whereas the currents I1-2 , I1-3 , I1-4 , I2-3 ,I2-4 and I3-4 represents the cross 
channel currents. Had there been no local hotspots in the membrane, all the cross currents would have been zero. 
So the values of membrane resistances (R5, R10, R11, R12) and cross channel resistances (R13 through R18) were 
optimised so as to yield zero cross channel currents. The optimised values are given in Table 1 and the 
corresponding values of currents are given in Table 2. It can be easily observed that IL = I1 + I2 + I3 + I4 and also 
that I1 = I1’, I2 = I2‘, I3 = I3’ and I4 = I4’ when hotspots are absent. Fig.4 shows the impedance plot of the ideal case. 
Whenever a local hotspot arises, the temperature around the corresponding resistor(s) varies. As a result cross 
channel currents begin to flow and hence there will be a change in overall impedance and total power output. 
With the help of the equivalent circuit, we have analysed some of the cases which is going to be discussed in 
detail. Assuming that the membrane resistance varies by a 50% above or below the optimum value according to 
the change in temperature, each case of variation was simulated and analysed. Apart from that, the worst cases, 
i.e. open circuit condition of the resistors were also simulated and the corresponding variation in the overall 
impedance in each case has been plotted. The fuel cells are good and harmless for the natural environment. Due to 
the formation of local hotspots in the fuel cells, its lifetime reduces.   
 
 
Table1: optimised values of resistors 
 
 
Resistor(s) Resistance 
R5=R10=R11=R12 2mΩ 
R13=R16=R18 68uΩ 
R14=R17 75uΩ 
R15 83uΩ 
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Table2: optimised current values 
 
Current(s) Value 
I1=I2=I3=I4 23.19mA 
I1’=I2’=I3’=I4’ 23.19mA 
I1-2 = I1-3 = I1-4 = I2-3 = I2-4 = I3-4 0A 
IL 92.76mA 
 
 
 
 
Fig 3: Equivalent circuit 
 
For the simplicity of explanation and ease of understanding, a typical case of simulation of equivalent circuit 
belonging to a fuel cell having only four channels have been explained in this literature. This model is flexible 
and the number of channels can be increased as needed by the application and depending on the specification of 
the cell being used. It has to be understood that increasing the number of channels would provide more precise pin 
pointing of local hotspots.  In the ideal case the inter channel resistances are maximum, and hence no current will 
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flow from one channel to other.  
 
 
Fig 4: Ideal impedance plot 
 
A. Case 1: Local hotspot affecting any one part of the membrane at a time.  
 
To analyze the feasibility of the proposed research, the simplest case of presence of a single hotspot was studied 
at first. The simulation was done by varying the resistor ‘R5’ 50% below and above its optimum value and the 
worst case of open circuit was also observed. The results are recorded in Table III. Fig. 5 shows the impedance 
plot of this particular case. But it is to be noted that due to the increase in membrane resistance due to the 
generation of local hotspot in and around the part of the membrane which is being observed, there is a drop in 
total power generated in the cell.  
 
 
 
Fig 5: Impedance plot after the occurrence of a single hotspot 
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B. Case 2: Local hotspots affecting any two parts of the membrane at the same time.  
 
As the effect of local hotspot at a single point has been analyzed in the previous section, and was found feasible, 
the study was extended to presence of local hotspots at two different parts of the membrane. The study was done 
in a very similar way to that of the previous one except for the difference that this time instead of varying a single 
resistance, two resistances -‘R5 and R10’ was varied 50% below and above their optimum value simultaneously. 
The impedance plot of this case is shown in Fig.6  
 
 
 
 
Fig 6: Impedance plot after the occurrence of two hotspots 
 
 
 
Fig 7 Impedance plot after the occurrence of three hotspots 
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Table 3:  Power drop due to impedance variations resulting from local hotspot generation 
 
Parameters Power 
output 
Power 
Drop 
Impedance 
(Ω) 
Z hike 
(Ω) 
Optimal 
Case 
37.1mW - 281.83m - 
Case 1 30.92mW 6.18mW 325.03m 43.2m 
 
Case 2 24.74mW 
 
12.36mW 408.56m 
 
126.73m 
 
Case 3 18.56 mW 
 
18.54 mW 
 
638.44m 
 
356.61m 
 
4. CONCLUSION 
    The fuel cells are the alternative source for all power requirements in this society. As the fuel cells cause no harm 
to the environment and cost effective, its usage as power supply has been encouraged by the people. The lifetime of 
fuel cell is very long in ideal case but in the case of practical fuel cell lifetime is short compared to the ideal one. This 
is because of the impedance variation in the PEM fuel cell membrane. This impedance variation is termed as local 
hotspot formation. The equivalent circuit proposed by this paper study is very effective to understand about the 
influence of local hotspot in the lifetime variation of fuel cells. The local hotspot formation leads to variation in both 
channel currents and cross channel currents. This can be done by varying the resistance included in the equivalent 
circuit. Hence the modified equivalent circuit for PEM fuel cell is very effective. 
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